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INTRODUCTION 

The maximum amount of soil water available for growth and for the 
maintenance of life in the ease of ordinary crop plants appears to be 
approximately equal to the free water— the difference between the total 
amount of water and the hygroscopic coefficient— in those portions of the 
soil and the subsoil occupied by the roots (i, p, 121).* The hygroscopic 
coetScient (8, p. x; 10, p. 243) expresses the percentage of moisture con- 
tained in a soil which, in an air-dry condition, has been brought into a 
saturated atmosphere, kept at a constant temi>erature, and allowed to 
remain until in approximate equilibrium with this atmosphere. 

Hilgard’s method for the direct determination (lo, p. 243; 1 1, p. 17) of 
the hygroscopic coefficient requires provision for the maintenance of a 
constant temperature in the room in which the absorpllon boxes are 
placed and also presents difficulties in insuring the actual saturation of 
the atmosphere in these boxes. Accordingly, any indirect method which 
gives results in satisfactory accord with those obtained by direct deter- 
mination and at the same time requires only apparatus which is less 
inconvenient, either of installation or of oixjration. will prove useful. 

Briggs and Shantz (7, p. 73) have recently proposed several indirect 
methods, and to the consideration of the reliability of one of these the 
present paper is devoted. These authors derived formulas for the indi- 
rect determination of what they designate the "wilting coefficient,” 
defined as the moisture remaining in the soil in iniiiicdiate contact with 
the roots when the permanent wilting of a plant occurs, from the moisture 
equivalent (6, p. 140; 4, p. 276), from the maximum water capacity as 

■ ‘ Reference is made by number to “Literature tiled, " p P45. 
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defined by Hilgard (lo, p. 256) , and from the mechanical analysis. SubsM 
iary foniiulas for the indirect determination, of the hygroscopic coeffici 
following as a result of the interrelationships thus established ihT' 
report (7, p. 73) as follows: 


Hygroscopic coefficient = 


rWilting coefficient X 0.68. 

J Moisture equivalentXo.37. 

I (Maxiinmn water capacity — 21) X 0.234 
[(0.007 sand-t-0.082 silt+0.39 clay). 


As the mechanical analysis of a soil is a far more difficult and time 
consuming operation than the determination of the hygroscopic coeff 
dent, the latter could advantageously be calculated from the former onlv 
where this is already available, as, for example, in the reports of soil 
sur\*eys. Even then there is a probability of introducling serious errors 
Thus, ndlh a series of loess soils (3, p. 41 1) it has recently been shown 
that the values for the hygroscopic coefficient calculated by the Briggs- 
Shantz formula agree satisfactorily with those obtained by direct deter- 
mination only in the case of those samples which carry the smallest pro- 
portion of ver)- fine sand. However, by altering the values assigned the 
sands there was obtained tlie following modified formula, which was found 
applicable to all the loess soils investigated. 

Hygroscopic coefficient = 0.005 coarser fractions -f 0.07 very fine sand-^ 
0.82 silt + 0.39 clay. 

“Coarser fractions” is here used to designate all soil particles having a 
diameter greater than o. 10 mm. 

The whiting coefficient also is so inconvenient of detenninatian that, 
unless it has to be determined for some other purpose, it will not be used 
to calculate the hygroscopic coeffident. 

In connection with field studies of available soil moisture on the 
Nebraska loess, of which only a few data (i, p. 118) have as yet been pub- 
lished, one of us had arrived at conclusions so widely at variance with 
those of Briggs and Shantz, who, in somewhat similar studies, had em- 
ployed the wilting coeffident, either determined directly or calculated 
from the moisture equivalent, that we suspected the explanation might 
lie in the differences in the values of the hygroscopic coefficient obtained 
for similar soils by our respective methods. However, as no moisture- 
equivalent apparatus was at that lime available for our use we were unable 
then to decide the question. Now, using 135 samples of which hygro- 
scopic coefficient determinations had been made at the Nebraska Experi- 
ment Station, we have determined the moisture equivalents, thus obtain- 
ing a definite answer to the question. 

Lipman and Waymick (12) have recently reported both the moisture 
equivalents and the hygroscopic coefficients of 27 soils, and from these 
the ratios may be calculated. In so far as we are aware, there are no 
published data except those in the two articles mentioned from which the 
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relationship of the moisture equivalent to the hygroscopic coefficient can 

be computed. 

computations from data of BRIGGS AND SH.U{TZ 

Briggs and Shantz have reported (7, p. 57-65) both the hygroscopic 
coefficients and the moisture equivalents in the case of 17 soils ranging 
in texture from a coarse sand with a hygroscopic coefficient of o 5 to a 
clay loam with a value of 13.2. Their data, however, were not presented 
in such form as to show the concordance of the hygroscopic coefficients 
calculated from the moisture equivalents with those directly deter- 
mined, and for this reason we consider it desirable to so present them 
(Table I)- 

Table l.-Relaiion of the moisture ^.nuhakni to the hygroscopic coefEckni skou n In' dofn 
of Bttggs and Shantz > 


Type of soil. 

Moisture 

equivalent. 

Hygroscopic 

coeOiduit. 

Ratio of 
moisture 
eqiiivftlcntto 
hycrosciipic 
coefficient. 

Coarse sand 

I. 6 



Fine sand 

4-7 

1-5 

13 

do 

5-5 

2.3 

2 - 39 


6.7 

2-3 


Sandy loam 

9-7 

3-5 

2.77 

do 

II. 9 

4.4 


Fine sandy loam . . 

18. 1 

«-s 

2.78 

Loam 

18.9 

7.8 

2. 42 

Sandy loam 

19. 6 

6.3 


Fine sandy loam . . 

IQ. 9 

6.6 

3 - 01 

do 

22. 1 

7 -.*; 


Loam 

25-0 

9.8 

2 - 55 


27. 0 

9.6 


Clay loam 

27. 4 

II. 8 

2. 32 

do 

29-3 

13. 2 

2. 22 


30. 0 

II. 2 

2.68 

do 

30. 2 

II. 4 






Maximum . 



Minimum. 


2 . -22 


Hygroscopic 
n.#ttidcnt 
calailai cd 
from 
muisluTc 
ecjuivalcot. 

Departure 
i)f calculated 

from 

iMcrmined 

hygroscopic 

coeffiLimt. 

6. 6 

0. 1 

1-7 

. 2 

2.0 

“ *3 

8'5 

. 2 

3.6 

. X 

4-4 

.0 

6.7 

. 2 

7.0 

- .8 

7.2 

•9 

2 ' 5 

•7 

8.2 

*7 

Q.2 

- .6 

10. 0 

•4 

10 . I 

-1.7 

10. 8 

- 2.4 

11. 1 

— . r 

II. 2 

— . 2 







* Derived from Briggs and Shanufj, p. si. 6c. 6s, Tables .X.\ It. XIX, iintiXX). 
' Omitting 7 and a. 


b-xcepting the two sands, i and 2, the ratio varies from 3.1 1 to 2.22, a 
range of 40 per cent, reaching a maximum in the case of a sandy loam 
with a hygroscopic coefficient of 6.3 and a minimum in a clay loam with 
the coefficient 13.2. In the case of the latter the value calculated from 
the mean ratio, 2.71, differs by 2.4 from that obtained by direct determi- 
nation. Two of the four clay-loam samples give concordant and two 
rather discordant results, the divergence in the case of the latter being 
similar to that obtained from the mechanical analysis of maiiv of the 
loess soils (3, p. 41 I). 
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COMPUTATIONS FROM DATA OF LIPMAN AND WAYNICK "" 

Lipman and Waynick report (12, p. 8-9) both the hygroscopic coeffi 
cienLs and the moisture equivalents on 27 samples used in ih^ 
known so-callcd Tri-State Soil Exchange Experiment, The raiios 
which evidently they did not compare, "vve show in Table II, These 
data have an added interest in that they are from the laboratory of the 
late Dr. llilgard, who introduced the determination of the hygroscopic 
coefficient (8, 9, 10). 

Tabliv II . — Rdation of the moUture equivalent to the hygroscopic coefficient iimen by the 
data of Lipman and Waynick 

Hvr.Roscopic coemciENT > 


CalltornU soil. j Kansas soil. , 'Marylanil soil 


Depth, 

In Cali- 
iuinia. 

1 laud. 

In Cali- 
iomia. 

In Kan- 
sas. 

In 

Jlary- 

laud. 

In Cali- 

In Kan- 
sas. 

la 

Jlary. 

laud. 

Feel. 

8. ss 

8. 29 ! A 68 



11.00 

5-97 




S.67 

7. 69 I 8.44 

I?. 4 t 

It . 38 

1 1. 68 

6.83 



3 

8.98 

8. 68 - 9. 04 

II. 28 

10. S4 

II. 18 

8.87 


9.33 

Average 

B- 7 } 


11.94 

.1.21 

IT. 29 

;■» 


MS 


MOISTCltE liCUrVALliST 


, 1 

Si- 99 


, 1 

32-67 ! 

32. 6t 

29- 65 1 

29. 80 

2J.62 ! 

3,V&7 ' 



22.81 

22. 20 

20- 33 1 

33-33 

30. 7,8 1 

31- t4 

24. 26 1 




24. C2 

1 54-24 

3j- 53 ■ 

30-21 

.-s:l 

29. 40 1 

39. 17 1 

J-J.lT] 

2:. 38 

Averace 

j 23.64 j 

22. 92 

22.1: 

; 32.05 

39.3.? 

30. 1 1 

j 35- 

36- 2S 

i 23. S« 

R,\T10 OP MOISTURE EQUIVALEST TO MYUROSWPIC 

COEPPltlliS'T 



= 1 

2 . 8 z 



2.69 

2.76 

2- "I 

5- *5^ 1 

4- fts 

^ j-6: 


2.63 

3.89 


3.68 


2.67 1 


4- 47 



2.67 

2.79 1 

2.60 

2.68 

2- 61 

2.63 1 

3-J<) : 

•> r - ! 

j ;'53 

Average ■ 

3. 7t 

1 

9 . 79 

3.80 

2.63 

2.62 

2.67 

3.60 


i 3- i'f 


‘ From Lipman and Waynick (it, p. 8, Tabic I). * P'rom lAi)tiiaii and Waynick (t j, p 9. Tnbli.' II' 


The average ratio for the 27 samples is 3.08, with a minimum uf 2.41 
and a maximum of 4.67, a range of 93 per cent. On inspection of lables 
I and II it \YiU be seen that for the Kansas soils the ratio varies oaiy 
between 2.49 and 2.76, and for the California soils between 2.41 and 
3.39, with an average for these 18 samples of 2.72, which is pracUcaJy 
identical with the mean found by Briggs and Shantz — viz, 2.71. 

In the case of the 9 samples of Maryland soils, the ratio varies from 
2.53 to 4.67, with an average of 3.75. As none of the samples is to be 
considered lighter in texture than a loam or heavier than a day loam, 
any ratio sufficiently accurate for ordinary' purposes should apply to a 
of them. 



A -s>‘ Determination oj Hygroscopic Coefficient 

experimentat, work 


*,17 


The moisture equivalents were detennined according to Briggs and 
Shaiitz ( 7 , P- 57). bringing the soils into equilibrium with a force i 000 
times that of gravity, using a centrifuge (6, p. 14 1) made according to 
specifications kindly furnished by Dr. I,. J. Briggs, of the Bureau of 
plant Industry. The determination of the moisture equivalent has been 
found to be convenient of execution, and the results from day to day 
are very concordant. 

In Table III are given the moisture equivalent, the hygroscopic 
coefficient, the ratio of these to one another, and the content of organic 
matter in 36 samples. The soils were collected from 30 virgin prairie 
fields in Nebraska, 5 near each of the six towns indicated in the table. 
All are from fields classified by the United States Bureau of Soils either 
as Marshall silt loams or as Colby silt loam. In each field 10 borings 
were made to a depth of 6 feet and composite samples prepared of each 
foot section, thus securing 6 samples from each field. From these were 
prepared the samples used in this work, equal weights of the eorrespond- 
ing 5 field samples being combined. The details of the method of sam- 
pling are reported elsewhere (2, p. 204). lii the same article (2, p. 21,5) 
are given the hygroscopic coefficients for the foot sections from each of 
all the fields. Each value in B of Table III represents the average of 
10 detenninations. The data on tiic organic matter reported in D of 
the table were calculated from the organic carbon reported in the same 
article (2, p. 228; organic matter =0x1.724). The data on the moist- 
ure equivalents are the means of duplicate determinations. 

The ratio (Table III-C) averages 2.38, varying from 2,14 to 2,73, a 
quite similar, altliough somewhat narrower, range than that found Ijy 
Briggs and Shantz. In general, in each area it is higliesl in the surface 
foot as though influenced by the proportion of the organic matter. 
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Tabuh: ril. — Moisture equivalent, hygroscopic coefficient, ratio of these tua ■■n 
organic-maiier content of the foot sections from six different areas in 


(a) MOISTURl': EQI.'IVAI-BNT 


Ofplh. 

Wauneta. 

McCook. 

Wol- 

dreae. 

Hastiutss 

Lincoln 

Wcepitij 
Waiei , 

i'eet. 

22.3 

24. 0 

26. 7 

26. 2 

30- 7 

30, 3 


22. I 

24. 8 

27. 6 

28.6 

31. 5 

oL 2 

3 

23.0 

24. 6 

26.8 

28. 2 

29. 2 

30. 9 

4 

23-3 

23.6 

25- * 

26. 9 

27.8 

20. 2 

5 

21. 1 

2^.5 

24. 1 

26. s 

28,3 

28, 2 

6 

19. 8 

22. I 

24. 0 

26. 6 

26. 3 

2S.3 

Average 

21. 9 

23. 6 

25- 7 

27. 2 

29-3 

29. 7 


(b) hycroscohic coefficient 



9 I 

10. 0 

10. r 

9.6 

12. 0 

12. T 


9.6 

10. 9 

11. 2 

II. 6 

74.4 

n- 7 

3 

9 - 7 

10.7 

II. 3 

12. 4 

13. 6 

LV 9 

4 

9.9 

9-7 

10. 2 

II. I 

13-0 

13-0 

s 

0- 0 

9. 1 

9.6 

10.7 

12. 8 

12. 6 

6 

8-3 

9. I 

9 4 

10. 7 

12. 7 

5 

Average 

9-3 

9.9 

10.3 

II. 0 

13-1 

13-0 


(c) RATIO OF MOISTURE EQUIVALENT TO HYGROSCOnc COEFFICIEST 



2-45 

2. 40 

2. 64 

2- 73 

2. 56 

2. 50 

2, 1:3 

2 

2.30 

2. 28 

2. 46 

2. 47 

2. 19 

2. 28 

2, 52 

3 

2- .37 

2.30 

2-37 

2. 27 

2, 13 

2. 22 

:’.j8 

4 

2-35 

2- 43 

2. 46 

2.42 

2. 14 

2.25 

2. 34 

5 

2.34 

2 17 

2. 51 

2. 48 

2. 21 

2. 24 

2.:8 

6 

2. 39 

2- 43 

2- 55 

2. 49 

2. 23 

2. 26 

2. 59 

Average 

2.37 

2. 38 

2. 50 

2. 48 

2, 23 

479 

2. :8 


(d) PERCENTAGE OF ORGANIC MATTER 


I 

2. 77 

2. 85 

3 - 90 

3 ' 55 

4, gfi 

49.S 

5. S' 

2 

■-38 

1.44 

1.86 

i.8r 

2. 28 

3. 02 

1. 96 

3 

I. 09 

•97 

I. 01 

.98 

1. 14 

I. ■',8 

1.09 

4 

• 79 

■59 

.66 

. 60 

. 60 

.s,i 


5 

• 53 

.48 

. 41 

.41 

■ 4,3 

• 45 

• 

6 . 

• 45 

-36 

•36 

• 3 t 

• 40 

• 3 & 


Average 

I. 17 

I. II 

1-37 

I. 28 

i.63 

I. 34 

I, 40 
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Table IV shows the values for the hygroscopic cocffideins calculated 
from the moisture equivalents, using the Driggs-ShaiUz formula and the 
departure from those directly determined. In all cases the r alues arc 
more or less too low; using these there might afipear to be as muclt as 
from I.o to 2.8 per cent of free water in the case of a subsoil ivhicli actuallv 
carried none. 


TabuE IV.— T/i« hygroscopic coefficients calculated from the moisture eani-<i 
the departure of these from the values ohiained by dinxi dcktminalion 


(a) calculated hygroscopic coefficients 


Depth. 

WauDota. 

.McCook- 

Holdreije. 

Hascitiis. 

LiiKxiln. 

Weeping 

Wdicr. 

.Average, 

Fttl. 

8.2 

8.9 


v; 





8.2 





it. i 

9.9 


8-5 

9.1 
8.7 

8-3 

8.2 




H. 5 



8.6 







7.8 

8.0 

9. 8 

I,-, '1 


9.6 




8.9 

9. 8 

Id' 

10. 4 

9-3 







9, 2 


Average 

8.1 

8-7 

9-5 

10. 0 

10. S 

n. 0 

9-7 


(b) departure from directly determined v.alces 



—0. 9 

— I- X 

-0- 2 

—0. I 

~o. 7 

-0,9 



-I. 4 

— 1. 7 

— 1.0 

— r. 0 

-2.8 

— 2. 2 


3 

— 1. 2 

— I. 6 

-1.4 

—2. 0 

-2.8 


-I, 9 

4 

“1-3 

— T, 0 

- .9 

— I. 2 

- 2-7 

-2. 2 


s 

— 1.2 

- .8 

~ • 7 

- -9 

“ 2.4 

-2. 2 

“ 1-3 


— 1.0 

- -9 

“ • 5 

- -9 

-• 2-3 

- 2 . I 

- 1-3 

Average 

— 1. 2 

— I. 2 

- .8 

— I. 0 

“2. 3 

-2, 0 

- 1.4 


Table V gives similar data on another set of samples from the same 30 
fields. These consisted of 1 -inch sections fromthc surface foot (2,p.2o6). 
In the case of these, however, each datum on hygroscopic coefficients as 
well as Oil moisture equivalents is the mean of only duplicate determina- 
tions. The ratio averages 2.75, compared with 2.71 found by Briggs and 
Shaiitz (Table I), and varies from 2.33 to 3.29, a range of 41 per cent, 
compared with 40 found by them with their 17 soils. Their samples also 
were probably surface soils rather than subsoils, such as predominate 
in Table III. In the inch sections, as in the foot sections, a decrease in 
the ratio is to be observ’ed in passing from the surface to the subsoil. 
Ihis may be attributed to the organic matter which appears to have a 
niarkcd influence upon the moisture equivalent, although it shows little 
effect upon the hygroscopic coefficient (2, p. 217). Briggs and i\IcLane 
{5> p. 18), found that organic matter had praclicallv the same efTect upon 
the moisture equivalent as an equal amount of clay. 
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Table V. — Moisture equrvalent, hygroscopic coefficient, ratio of these tu o valuer 
organic content of the inch sections of the surface foot ’ 

(a) moisture equivalent 


Depth. 

Wauneta. 

McCook. 

Holdregc. 

Hastinss. 

Lincoln. 

Wecviine 

Water, 

Avera: 

Inches. 

I 

24- 4 

24-3 

31. 6 

31- 5 

31-0 


29 

2 

22.3 

22. 2 

29. 6 

27. 6 

30. 0 


3 

22. 5 

22. 9 

28,3 

27 - 3 

30. 2 



4 

22.3 

23-3 

28.3 

27. 6 

30 - 5 

30 - 6 


5 

22. 6 

24- 5 

27-5 

27-3 

29.9 

31 - 7 


6 

22. 5 

25- 7 

27.7 

27. 8 

30- 0 

31-9 


7 

22.3 

25 - 4 

28. I 

27-5 

30- I 

32-4 


8 

22-3 

25. 5 

27.9 

27-3 

3 < 3-5 

31-9 

' 

9 

22. 8 

27. 2 

28. & 

27. 6 

30-9 

31-4 


10 

22. 8 

27-3 

28. 2 

27.4 

30- 7 

32.2 


II 

23-0 

27.9 

28. 0 

27.9 

30.0 

31. 9 

28 

28 

12 

23. 0 

26.8 

28. I 

28. 4 

30. 8 

32.3 

Average 

22. 7 

25- 2 

28. 4 

27.9 

30.4 

31.8 

®7 


(b) hygroscopic coefficient 


t 

8.5 


10. 9 

10. 9 

11. 5 

”•5 

10,3 

2 

8. 2 


10.3 

9-7 

TI. 2 

II. 0 


3 

8. 2 

8. 4 

9-9 

8.9 

11. 0 

Ji. 0 


4 

8.3 

8-3 

9-5 

8.5 

II. I 

11. 1 

9, 5 

5 

8.2 

8. 7 

9.4 

8-3 

11. 4 

u. 2 

9 - 1 

6 

8.6 

9-3 

9.4 

9. 0 

II. 8 

n. 2 

9.9 

7 

8- 7 

9 - -S 

9 - 7 

9-5 

11.9 

5 

10. 1 

8 

8. 8 

9.8 

9 9 

9 - 5 

12. 1 

12. 1 

10.4 

9 

8. 6 

9.9 

10. 0 

9-5 

13-0 

12.3 

10.6 

10 

8.8 

10-3 

10. 4 

9 - 7 

12. 6 

12.6 

!0, 7 

II 








12 

8.; 

10. 2 

10. 2 

ro. 2 

13- I 

12. 8 

10.9 

Average 

8.6 

9-3 

la 0 

9 -S 

12. 0 

a. 7 

10.2 


(c) RATIO OP MOISTURE EQUIVALENT TO IIYGROSCOPIC COEFFICIENT 


I 

2.8; 

2.86 

2. 00 

2. 89 

2. 70 

2. 84 

2,84 

2 

2. 72 

2. 68 

2. 87 

2 . 8,3 

2. 68 

2. 

2. 78 

3 

2- 74 

2 - 73 

2.86 

3-07 

2 - 75 

2. S; 

2.84 

4 

2. 69 

2. 81 

2. 98 

3 - 25 

2. 75 

2. 76 


5 

2. 76 

2. 82 

2.93 

3 - 29 

2. 62 

2. 8^ 


6 

2. 62 

2. 76 

2-95 

3-09 

2. 54 

2- 

2,;f, 

7 

2. s6 

2. 67 

2. 90 

2. 89 

2. 55 

2. 82 

2. 66 

8 

2 - 53 

2. 61 

2.82 

2. 87 

2. 50 

2. 94 

9 

2. 65 

2-75 

2. 80 

2. 91 

2. 3S 

2. 56 

(.1 

10 

2. 59 

2. 65 

2. 71 

2-83 

2. 44 

2. 56 

■'m 

II 

2. 56 

2. 71 

2- 74 

2. 79 

2 35 

2. .5.5 


12 

2. 64 

2. 63 

3 - 75 

2. 78 

2 - 35 


■' . 

Average 

2. 66 

2. 72 

2.83 

2- 96 

2 . 53 

2. 72 

7-J 


Ug. S8. 1016 
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Y.M.B V equivaUnt, hygroscopic cocjjicknl, ratio of these iso rahus and llm 

^ organic content of the inch sections of the surfaafool—CantmiKd. ' 

(d) percentage of organic matter 


Deplh. j 

Wauneta- 

McCook. 

Holdrege. 

Hastings. 

Eincoln. j 

Wetping 1 
Water, 1 

Average. 

Inches - 

4.91 

4-17 

7-93 

7- 79 

8. 10 




3 - 04 

3-35 

6.03 






3- ^9 

3-27 

4- 95 

4- 45 


5’ 9o 



2.88 

3- 14 

4. 22 

.3- 93 




2- 55 

2. 84 

3- 74 
3- 46 

3- 50 

4 89 

4. 87 

^ -77 

V ' 

2. 52 

2. 66 

3- 20 




2. 26 

2. 48 

3- 05 

3 -< x > 


4. oS 



2. IQ 

2-31 

2.07 ' 

2. 88 




2. 12 

2. 17 

2. 79 ■ 

2. 74 

3-98 


2. 96 


1.97 

2. 00 

2. 67 

2. 64 



1-77 

1.84 

2, 38 

2. 62 


3- 69 ' 
3. 60 

r . 6 's 
2, 56 


I- 77 

I. 72 

2. 50 

2. 50 

3. 26 


2. 67 

2. 69 


i 4.;; 


3. 76 






The samples reported in Table VI are partly from the loess of Nebraska 
and partly from the residual soils of that State. A few are from New 
Mexico, Arizona, and California. The data upon both tlie hygroscopic 
coefficient and the moisture equivalent are the means of 5 to 10 con- 
cordant determinations. Nine of the samples are from the surface 6 to 
12 inches, and the seven others from the subsoil. The range in texture 
represented by them is much the same as that of the soils reported by 
Briggs and Shantz (Table I). 


Table VI. — Relation of the moisture equivalent to the hygroscopic cocfficieni in a series of 
soils sho'u ing a veide range m texture 


Soil 

No. 

Description nf soil. 

XIc>i5ture 

CQuiva- 

lent 

1 

1 lUlioof 
nioijturc 

'('tjelTicicut. 

Hygro- 
scfipic 
cocirirkut 
raU-u- 
aicd from 
inoistiin* 
eca'''‘a- 
kni,' 

Departure 
Ilf mlni- 
atc-d from 
ioiinil 
hycro- 
seopic 
■KlTideut. 

I 

Desert sand, Palm Springs, Cal. . . 

I. 6 

0. 0 j I. 7; 

0. C 

-0.3 

2 

Sandy subsoil. Palm Springs. Cal. 

2 . 3 

I. T 1 2 . 54 

I. 0 

— . I 

3 

Desert sand, Orogrande, N. Mex. . 

30 

1. 7 1 1. 76 

I. I 

— . 6 

4 

Sandy surface, W. Nebrask.i 

:-9 

0- 3 -• 

2. 0 

- • 4 

5 

Sandy subsoil (Ab W. Nebraska . . 


3-4 2 -J'’ 

2. 6 

- .8 

b 

Sandy subsoil (Bl, W. Nebraska . . 

7. ;; 

3.4' 2. -'I 

2, S 

— . 6 

7 

Sandy loam subsoil, W. Nebraska. 

I ? 

c 6 ; 2. 41 

V 0 

- . 0 

8 

Sandy loam surface, W. Nebraska. 

16. 8 

7. r 2. 

6, 

- .9 

9 

Silt loam subsoil (Al.W. Nebraska. 

IQ. 7 

7. 6 ■ 2. -q 

7 - ' 

- . 3 

10 

Silt loam sub<5oil (B),W. Nebraska. 

21. 2 

8. -> 2. --q 

7. 8 

- . 4 

n 

Red loam surface, Cuervo, N. Mex 


10. 0 i 1-02 

7. I 

'-2,9 

12 

Silt loam surface ( .\) ,W. Ncbniska . 


10. 1 2. 23 


— J. 8 

13 

Silt loam surface, E. Nebraska. . . 

2-. S 

la 2 1 2. 73 

10- 3 


14 

Silt loam surface (B),W. Nebraska. 

24- I 

10. ^ 2. ;o 

8 . 0 

— I 6 

15 

Adobe surface, McNeal, Ariz 

2^. S 

T2. 0 ’ •- 00 

Q. 0 

0 3 

16 

Silt loam subsoil, E. Nebraska. . . . 

29. 5 

• 3-0 --*• 

TO. 9 

4 


•Using Briggs and Shaniz fomr.riaM. E —hygcix'ff. 
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Excepting the two sands, i and 3. the average ratio of moistuff 
equivalent to liygroscopic coefficient is 2.33, with a maximum of 2 - 
and a minimum of 1,92. The lowest ratios are shown by the arid oj 
scniiai'id soils, i , 3 i ri, and 13- The exceptional behavior of ii and i- 
is not to be attributed to error of determination, as, after finding these 
exceptional ratios, we made repeated determinations of both values 
The ratios found for both subsoils and surface soils from Nebraska are 
quite similar to those reported in Table III, the average ratio, r.jg 
being identical with that obtained tor the 36 loess samples. 

If the trvo sands, i and 3, in Table VI, be omitted, the variation of 
our ratios in Tables III, V, and VI are of much the same order as those 
of Briggs and Shantz, shown in Table I. Thus, the divergence in our 
conclusions as to the availability to plants of the portion of the soil 
moisture lying between the hygroscopic coefficient and the wilting co- 
efficient is not to be explained by any differences in our respective 
methods of arriving at the value of the hygroscopic coefTicient, Neither 
are tliere sufficient reasons to attribute it to the particular range of 
soils with which we have worked, for the data above show that our soils 
range £ts widely as those which lliey have employed. 

Their data, as well as our own work, make it evident that in any accu- 
rate experiments to determine tlie relation of the nonavailable water of 
the soil to the hygroscopic coefficient it is not permissible to calculate 
the value of llie latter from the moisture equivalent, unless a previous 
thorougli investigation has been made to determine just what formula 
is applicable to tlic soil type in question. From the data of Lipman 
and ■\Vaynick it would appear that in the case of certain soils this indi- 
rect method would be scarcely allowable for even llic crudest studies on 
soil moisture. However, in the case of any extensive study, involving 
many soil tvpes, tlic same genend ccinclusions as to the relation of the 
nonavailable moisture to ibe liygroscopic coefficient are to be expected, 
no matter whether the latter value be directly determined or be calcu- 
lated from the moisture equivalent by the Briggs Shantz or b\ some 
more satisfactory formula. 

COMPUTA.TION OF THE MOI,STfRE 1-;QUIV.\LEXT FROM THE lIECH.tXI- 
C.yi. .\N.\LYSIS 

Talde \TI shows the concordance of the moisture equivalents direcJ; 
determined with the values computed from the raecliaincal analvses in 
the cases of the loess samples reported in T-alile III, using tlic forum 1 

proposed by Briggs and Shantz; 

Moisture equivalent = 0.02 sands + 0.22 silt ! 1.0,5 clay, and as 
modified form of this formula; 

Moisture equivalent = 0.1 4 sands + 0.27 siit + 0.53 clay. ^ n 
formulas “sands" include particles ranging from 2 to o.o, inn- 
diameter. The separates referred to in tlic table as ‘ coarser ra ^ 
include the particles ranging from 2 to o. 10 mm. It will oe seen 
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formula of Briggs and Shantz gives values too Imv for the coarsest 
textured members of the senes and too high for the finest textured. In 
the modified formula the value assigned to the clay is lowered, that to 
the “sands” much increased, and that to the silt slightly raised. This 
formula gives results in close concordance with the directly detenniiied 
values, 'fhe explanation of the need of altering the values is not far to 
seek. As has already been pointed out in connection with the computa- 
tion of the hygroscopic coelTicietits from the mechanical analyses of the 
same samples (3, p. 11“ material coarser than silt is chiefly very 
fine sand, consisting mainly of particles but little larger than the upper 
limit for silt, while the so-called “clay” contains a very large proportion 
of silt particles with a diameter not much less than 0.00.5 mni. 

Briggs and McLane (5, p. 21), in applying their generalized formula 
based upon the analysis of 104 soils, found that for the Marshall series 
it was necessary to give the clay a lower value and also to make allowance 
for the content of organic ntatter. As has been mentioned above, the 
samples in Table VII belong to the Marshall and Colby series. 

Thus, it appears that if the mechanical analyses are to be used for the 
computation of moisture equivalents, it will be necessary, at least in the 
caseof some widely differing soil types, toemploy several different formulas. 

Table VII. — Concordance of ihe values for (he moidure equivalent obtained by com- 
puiaiion from the mechanical analysii u ith tlioie diratly determvitd 


WAfNETA 







Miiiflure 


Depth. 

Coarser 

{fact 

(j.O-O.l 

mm,). 

Very fine 
sand 
(0.1-0.05 
nun.). 

Sill 

(0.05- 

0.003 

mm.). 

Clay 

(o.cet - 

i Computed hy 
luriuuU. 

Departure, 
usuiii tiiriiiula. 


iiiimvl. 

Mod,* 

B imd 

.s. 

Mod. 

Feel. 

1 

Fff cntl. 

4.8 

ycT cent. 
48. 7 

Per cfnl 
41.2 

Pet cent. 
5-4 

i 

22. 3 ! 9 21. 


-aS 

2 

2. 4 

47. 8 

43-3 

6. 6 

22. I ! 1;. 22. 2 


. I 

3 

2. 0 

46.8 

43 - S 

7 - 5 

23. 0 i iS, 5 22. 6 

- 4 - 3 

- • 4 

4 

1-7 

47 - 6 

41- .3 

9-5 

23. 3 1 20. 1 2j, 1 

“rV - 

— . 2 

5 

1-5 

qo. 0 

43 6 

4-9 

2r. t 1 rf. 8 21, 0 

“ 5 ' 3 

•5 

6 

1-3 

54-9 

,50.8 

4.2 

Kj 3 1 14. 3 20. .S 

- 5 - 5 

I. 0 

Average . 

2-3 

49 - 3 

42.2 

6.3 

21,9 j j;-o ji y 

-4.9 

0 


M ’cook 



3 - 7 

39-0 

48. 6 S. 7 ; 24- 0 20. 7 ! 2,3. 7 ’—3. ,3 

-0. 3 


2 . 6 

37-8 

50. I . 0. 5 1 24. 8 21. S 1 24. 2 -3. 0 

- . 6 


1 - 3 

36.4 

1^3. 9 : 8. 4 ; 24. 0 21. 4 ; 24. 3 -3. 2 

“ • 3 


1.4 

38. 9 

Sr. 4 ■ 7 - r ' * 3 - 8 .’ 0 . 0 i 7 -,y 8 



I. 8 

39-3 

s2. 6 ' 6. ; : 22. 3 19.0 1 23. 3 ,-j- 



1.2 

40. 4 

3T. S i 6. 6 ' 22. I 19. 2 • 23. 3 —2. 9 


Average . 

2. 0 

38.6 

51. 6 ; 7. S j 23. 6 20. 4 ; 23. 7 —3 2 

. I 





: 




' Moisture efiuivalcnt=o.c: sandsn 0.2: sdt -rt.od clay. 
*Mo>stureequi\'alent=o.!4 sands— 0.27 sill -c h flay. 
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Table Vll— Concordance of ihe valves for the moisture equivalent obtained ly 
puiaiionfrom the mechanical analysis -with those directly determined — Contijiucd 


HOLDREGE 




Very fine 
&ancl 

Silt 

(0.05- 

0.005 

Clay 
(0.00s— 
0.000 
mm ). 

Moisture equivalent. 

Depth. 

Coarser 

fract 

mm.). 

Dcter- 

miued. 

Computed by 1 
formula. 

^^eparture, 
usinj; iormuia. 

B. and 

i 

Mod. 

R.and . 

S. 



Per certi. 

Per cenE 

Per cent. 






4.8 

25-9 

64. 6 

6. 7 

26. 7 

21. 8 

25. 0 

"■ 4-9 -1. 7 


I- 3 

24. 6 

62. 9 

II. 6 

27. 6 

26. 1 

j6, s 



.8 

26. 5 

62. 5 

lo- 5 

26. 8 

25 * 3 

26. 2 

-1-5 - , 6 


• 9 

27 . 8 

64.8 

6.4 

25 - 1 

21. 6 

24. 9 

~ 3 ’ 5 ' ~ . 2 


2 - 5 

31* 7 

60. 0 

5-8 

24. I 

20. 0 

24. I 

-4- 1 : ,0 

6 

2 . 4 

31. 1 

60. 7 

5-8 

24. 0 

20. I 

24. 2 

“ 3-9 1 .2 

Average . 

I, 8 

27.9 

62. 6 

7-7 

25 - 7 

22. 5 

1- 

j- 3 ’ 2 ■ - .6 


HASTINGS 





64. 6 

7.6 

26. 2 

22. 8 

25- 4 

- 3-4 

-0,8 



20.3 

64- 5 

12 - 5 

28. 6 

27.8 

37-3 

- .8 

— r, ^ 



22. 2 

61. 9 

13 - 6 

2S. 2 

28. 4 

; 27 - 4 

• 2 

- ,8 


1 2. I 

21. 5 1 

62. 4 

14. 0 1 

26. 9 

28. 9 

27. 6 

1 2. 0 

. 7 



20. 9 

66. 7 

10. 0 

26. 5 

25.6 

1 

|- -9 

, r 

6 

2. 2 

20. 7 

67.2 

9.9 

26. 6 

25. 6 

1 26. 6 

1 — 1. 0 

0 

Average . 

[ 2. 6 

1 

21. 6 

64- 5 

^f -3 

27. 2 

2O. s 

26.8 

0. 7 

i -0.4 


LINCOLN 


! 3. 8 I 

13- 5 i 

68. 0 , 14-3 7 

30 . 8 ! 

28.6 i 

0. I i I 


9. S 1 

67. 6 '• 18. 9 ' 31- 5 

35-0 1 

: 30 - 2 ■ 

3-5 j -■■3 


9- 3 ^ 

68. 0 i 19. 3 1 29. 2 

35 - 5 i 

30- 4 

6, 3 1 I. 2 



68. 1 1 18. 9 : 27. 8 

3 . 5 - i 

30. 2 

:-o i 2.4 



60. 4 1 17- 0 1 28. 3 

33 - 4 

29. 7 

V I ; L 4 

3-9 

9- 5 

70. 2 i 16. 5 : 28. 3 

33-0 

29. 6 

4 . 7 

Average.; 3.6 

j lo- 3 

1 

! 68. 5 17. 6 : 29. 3 

! 53 - S 

20. S 

■ -I- 5 ' -5 


WEEPING WATER 





72. 2 

13- 9 

30 - 3 

30. 

8 

28. 8 

0. ' : 


2. 8 

8. 2 

(Xh 5 

19. 6 

31. 2 

39 

1 

30- ■ 

4. 9 i 


T. 0 

13. 8 

66. 7 

18. 6 

. 30 - 9 

3-4- 

5 

29-9 

0- ‘‘ 


. 6 


67. 0 

17. 6 

20. 2 

33- 


2Q. 0 




14. 7 

67. 9 

17. 0 

28. 2 

33- 

I 

29- 5 

4-9 E,> 

4-8 ■ ^ 


- 5 

15.0 

67.5 

17. I 

^8-3 

33 * 

I 

29. 5 

Average. 1 

I* 7 

12. 7 

t,S. 5 

17 - 3 

29. 7 

53- 

.5 

-9-7_ 


Average i 
of aU. .1 

2. .3 

1 

\ S6.7 

\ ..3 

1 

' 26. 2 

2 

.6 

\=6.= 

-0 6 c 



=8. Indirect Determination of Hygroscopic Coefficient 84 s 
SUMMARY 

The hygroscopic coefficient may in most cases be calculated from the 
moisture equivalent with sufficient accuracy lo permit its use iu sod- 
moisture studies. For certain types of soil, however, the ratio departs 
so widely from that assigned by Briggs and Sliantz that the indiscriminate 
asc of the latter value does not seem permissible. Before employing 
this indirect method for the determination of the hygroscopic coenicient 
in connection with soil-moisture studies the ratio should he experinientallv 
established for each of the particular types of soil involved, 

The effect of considerable quantities of organic matter is, in '^eneral. 
to give the ratio of the moistufe equivalent to the hygroscopic coefficient 
a higher value. 

In the case of any extensive study of soil moisture involving many 
soil types the same general conchisions as to the relation of the non- 
available moisture to the hygroscopic coefficient are to be expected no 
matter whether the latter value he directly determined or be calculated 
from the moisture equivalent by the Briggs-Shaiitz formula. 

For the calculation of the moisture equivalent from the mechanical 
analysis no general formula appears universally applicable, the formula 
needing modification according to the soil type lo which it is to be applied, 
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THERSIIvOCHUS CONOTRACHEtl, A PAR \SIT1. Or tt4i 
PLUM CURCULIO ' 


B). R. A, CUSHMA-,, Entomological Assistant. DccUnous Fruit I,„cct I ,r.alu,alioc, 
Bureau of Entomology ’ 

INTRODUCTION' 

During the seasons of 19,^ and 19,5 the ichneumonid ThersUorhns 
ctmtrachdi Riley (PI. CIX) has been by far the most abundant and 
effective parasite of the plum curculio at North East, Pa. In 1914 a 
very large percentage of the fruit on a few plum trees (Prmms spp ) that 
stand on the premises of the Bureau of Entomology laboratory at that 
place was infested by the curculio. In the spring the adults of the parasite 
were abundant on these trees and parasitized a large percentage of the 
curculio larv* in fruit that was still on the trees when the parasites became 
active. 

Under date of June 13, 1914, the writer's notes contain the following: 

Very few of the larvs of this species have been found in host Ian-* more tlian one- 
eighth inch long, although many of larger sire tlian this have been examined This 
indicates that the parasite does not begin oviposition until some time after the 
curculio has begun its attack on the fruit, and therefore does not exercise any control 
over the early curculio larvs. 

The season of 1915 found the curculio much reduced in numbers. 
The cold, wet season, however, retarded the emergence of the para- 
sites to such an extent that they attacked onlv the latest of the larv®, 
practically all of these being parasitized. 


HISTORICAL REVIRW 


Ihc first mention of Th^rsilochiis conoirachdi in literature appeared in 
iSzu when Riley (i) ‘ published his original description of the species, 
referring it to the genus Porizon, and recorded it as a parasite of the 
plum curculio {Conolrachdiis nenuphar Herbst) in New Jersey. Riley 
{2, p. 18} again referred to it in a paper written in German and published 
in St. Touis. In 1880 Gott (3, p. 57) reported tliat in his work with the 
^um curculio in Canada he had not found this parasite. Rilev and 
oward (4, p. 63-64) in 1889 referred tlie species to the genus Thersi- 
ochus, gave a brief life history, and recorded the sjiccies as nearly as 


. * Rplercncc is madv In- mimhcr lo ■' Literature cited." ji. S55. 

Jouraal of Agricultural Rescaieh, 

^^epartment of Agricullme. Washinctoo, 1). C. 


VoL VI, Xci. 22 
.August ;S. 1516 
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abundant in some sections as Sigalphus curculionis Fitch. Thcreaft 
until 1906 there were published apparently only two references lo th 
species; one by Riley and Howard (5), which is a repetition of 
orijpnal breedinj^ record, and one by Harrington (6, p. 67), in which t]] 
insect is merely mentioned as a parasite of the plum curcuUo. In 
Johnson and Girault (7, p. 6) mentioned this insect in the account of 
their work on the plum curculio in New York, and accorded it small 
importance in the control of its host. Quaintance and Jeiine (8 
147-148) in 1912 gave a resume of previously published accounts to 
gether with data on the abundance and emergence of adults iri spring 
in New York and Pennsylvania. As showing the distribution of the 
species these authors list the following Slates: New York, New Jersey 
Connecticut, Illinois, Missouri, and Kansas. 

HOSTS AND DISTRIBUTION 

So far as is known the plum curculio is the only insect attacked bv 
this species, published records showing it to have been reared from this 
host in Connecticut, New York, New Jersey, Pcunsylvania, Illinois 
Missouri, and Kansas. In addition to these States the writer has had 
material from Michigan. 

LIFE HIS'rORY OF THE SPECIES 
GENERATIONS 

This species is single-brooded, the life cycle of one generation embracing 
the whole year. The adult stage is reached in the fall, but the perfect 
insect does not leave its cocoon until the following spring. 

emergence of aoults 

The adult T. conotrachdi emerges from its cocoon from late I^Iay to the 
middle of June and very shortly begins the search for hosts. 

RELATIVE .VBUND.\NCE .\ND TIME OF EMERGENCE OF SKXHS 

The males begin to appear a few days ahead of the females, and the 
latter continue to emerge long after the last male. A lot of cocoons 
collected by the late A. G. Hammar at Douglas, Mich., in the spring of 
1911 and reared by the writer at Vienna, Vu., produced adults as indi- 
cated in Table I. This table shows the date and period of oniergence, 
the comparative dates of emergence of males and females, and the pro- 
portion of the sexes. 



Thersilochus Conotracheli 


AM- •>. 


Table I.—Evusrgeme of adults of Thersilochus cmwlrachcli fro ,,, 
Douglas , Mtch ., and reared at Vienna , Va .. m ic , 


849 


cocoons rrlUtcd at 
tn igii 


DuU‘ 

eTn(.r;'itl. Mak-. 


I June 


Total 

Average date of emergence . 
Percentage of sexes 


3 ^- 39 


61 

June 7 


LONGEVITY UF THE ADULT 

Some data oa the longevity of the adult were obtained in 1911 from 
specimens reared at Vienna, \’a., from the cocoons collected by Mr. 
Haramar at Douglas, Mich, Only fciiiales were used. Ten of these 
were divided into three lots, as follows : Four were placed in vials without 
food or water, three with water, and three with dilute sugar sirup. Of 
those without food or water one lived 4 days, two li\ ed 3 da\s, and 
one lived i day. One of those provided with water lived 7 days, one 6 
da\s, and one 4 days. Those fed with sirup lived lo davs, 13 davs, and 
days. 1 he confinement in (he vdals undoubtedly shortened the life, 
e\t'n of the sirup-fed specimens, but the figures show the necessitv for 
!x)th food and water; for those given clear water ii\'ed, on tlic average, 
more than twice as long as those without food or water, and those 
provided with sirup lived more than four and oue-hali times as long. 

stage of host ATTAaCLI* 

fLrasitization lakes place while the curculio larva is siili \vr\ small, 
probably from the time it hatches until in its burrowing into the fruil it 
bevond the reach of the ovipositor of the parasite. 

• 521 : 2 °-_ 16 ^ 2 
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EFFECT OF PARASITISM ON HOST 

Beyond possibly a temporary inactive condition induced by the sting, 
the oviposition by the parasite does not seem to injure the host. But 
shortly after the newly hatched larva begins to feed, the character of the 
body contents shows a considerable change. The adipose tissue loses its 
flocculent character and becomes a more homogeneous, more fluid mass, 
diluted by the blood. This same change in the host was noted by Tim! 
berlake (9) in his studies of Limnerium ■validum Cresson. 

Parasitized larvae at the time they leave the fruit are, as a rule, much 
smaller than healthy larvae, although parasites have been found in 
hosts of nearly normal size. Whether this smaller size is due to the 
failure of the host to grow normally or to its failure to pass through all 
of its stages is a question which has not been determined. 

OVIPOSITION 


In opposition Ihc female parasite, having found a eurculio oviposi- 
tion scar, raises her abdomen, at the same time releasing the ovipositor 
from its sheath and, directing it forward between her legs, thnists it 
into the tunnel made by the curciilio lana. If she can reach the lana, 
she pierces its skin and deposits within it a single egg. The act of 
oviposition is very brief, the longest observed having required about 
two minutes. 

The female T. conolrachcH has been observed repeatedly in the cages 
to attempt oviposition or rather to probe for possible hosts in abrasions 
of any sort in the skin of the plums provided. This apparentlyindlcatcs 
that she can not recognize infallibly the typical scar made by the eurculio 
in oviposition. 

iNcrnATiox I’HRion 


Ko exact data on the incubation period are available, but that it is 
very short is indicated by the fact that in tlie many young larvie evain- 
iiicd in the course of the obseivations only one egg was found mthin a 
host, although they arc very easily discovered. .\t the same time 
that the abovc-mentioneri egg was discovered, another eurculio ana. 
which had not Inaversed more than half an inch within the f™'!- " 
found to contain a very young parasite lanm. This also would inncaa 
a short incubation period. A eurculio larva exposed 111 a cage lor on 
dai , Julv 1-2, 19.5, to tlie attack of T. cmwirachdi and disseeuo oi. 
Tuiy 7 ivas found to contain a very y oung larva of the parasite. | ' 
would indicate a niaxiimim incubation period of six days, a 10 „ 
jna.v have been even shorter than that. 
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Position in relation to host.— T hroughoui most of ilie larval 
life this species lives as an internal para,site, the larval parasite Ivitie 
free within the body cavity of its host. When nearlv full grown liow” 
ever, it leaves the host and becomes temporarily an external feeder 
draining from without the last trace of fluid from the. body of its victim' 
Feeding period.— B ecause of the impossibilitv of following an Indi- 
vidual parasite throughout its development, the determination of the 
exact duration of the various larval instars is very difficult and must be 
based on the average of many individuals. During this period of its 
life the larva molts four times. Larval of the first instar are to he found 
within curculio larva; even as long as three days after the latter have 
finished feeding and entered the ground. In fact, it seems to be the 
rule that the first larval molt of the parasite takes place after the host 
has constructed its pupal cell! Apparently, however, this is not invari- 
ably true, since larva; as old as the third inslar have been removed 
from their hosts within three days of the lime the latter entered the 
ground. Thereafter the development of the parasite is very rapid, for 
uithin 10 days it passes through its second, third, and fourth instars, 
and in some cases has left the body of Us host and has begun the con- 
struction of its cocoon. 


DESTRUCTION OF SUPF.RNU.MERARY LARV*. 

Repeatedly in the dissection of the parasitized curenliu lan-ie more 
than one, sometimes several, first -instar lan'ae of 7 '. amotmdidi hai e been 
found in a single host. Invariably, however, only one of these was in a 
healthy condition. The others were mostly dead aii<i more or less 
inclosed in a mass of cells in the manner described bv Timberl.akc (9, 
P' 75-76), and shown by him to be ameboevtosis. In one case a still 
living but unhealthy larva partially inclosed by amehoeytes was found 
in a curculio lan-a that also contained one healthv larva and two dead 
and completely invested lan’a;. In no ease, however, ha\e all of the 
parasites been dead. .Apparently the de-ilb. of the parasite lanae is not 
cue to any jirotective adaptation on the part of the host, as suggested 
by Timherlake (9), for parasites in strange hrst species; for. as siatol 
above, in no case were all larva; killed, and in no case where but one 
egg was deposited wdthin a host was the parasitism uiisnccessful. The 
only source, therefore, of the destructive agenev, whateter its nature, 
must lie within the surviving parasite larva. \o e.xplanation as to the 
nature of this agency is possible at this time. 
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THH COCOON 

The cocoon of T. conotracheli (fig. i) is about 5 mm. long by about 
half as thick and oval in shape. It is constructed of tougli reddish- 
brown silk. 

PUPATION AND TRANSFOR^^ ATION' 

Al-)OUt four or five days alter the const mcrion o{ 
Fio. z.-Thers,ioch ^. the cncoon pupation takes place. When the trans- 
/raftfti.- Cocoon. Mnch formation lo the adult condition lakes place v.as 
not determined by the present writer, but according 
to Quaintance and Jenne ( 8 , p. 147^*4^) Fred Johnson found adults 
in cocoons at Youngstown, N. Y., in 1908, as early as yigust 24. . 4 s 
indicated above, the species hibernates in this condition within the 

cocoon. DKscitlPTION OK THE IMMATURE STAGES 

THK Rc.r, 

The egg (fig. 2) is oblong oval in shape, somewhat larger at the cephalic 
end, about 0.33 mm. in length by a lilUc more than a fourth as wide, 
and slightly curved. A magnification of 215 diam- 
eters showed no sculpture of the chorion. 


Tlin I..\KVA 


Fio. a.^Thcrsilochus 
connfrackelii Eji’. 
Highly majiuified. 


First i.vsT.tK. — The newly hatched lar\'a (fig. .3) 
resembles in general appearance that of Umnerium ralidum as figured 

by Timberlake (9, p. 84). , . , , , 

The body consists of 13 segments, including the head and the lon.g 
taillike caudal segment. The head is somewhat more than halt as long 
as the rest of the Ijody exclusive of the tail, which is somewhat longer 

than the head. The head 
is bent slightly downward 
from the general axis oi the 
body. It is heavily chiti- 
nized and pale brown m 

color, consideriibly longer 

than wide, and strongly 
curved above so that the 

mouth opening is on llie underside. The mouth 

heavily chitinized, acute, curved mandibles and the \ era 

maxillL, and labium. The exact form of the last tfi-c appendages^ 

very difficult to ascertain with exactness, but they seen 

about as in figure 4. 'I'fia mandibles arc s cry disunct e 

the head cavitv, although their place of attachment is r 
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parcntly they are attached very dose together at a point ahnv „ 
labium. During its first instar the larva undergoes a eomparativ iy 
cnomious increase in size, becoming ultimately 2 mm i„ le„,oi 1 
much distended, only the head and taillike “ 

appendage retaining their original dimen- 

sions. The approximate appearance of the X j j 
parasite at this period ofits development is / k^ \ 

shoivn in figure 5. ^ ^ \ A)<g \ 

Skcond instae. — ^With its first molt the V / 

larva acquires an entirely different appear- / 

ance. The first larval skin splits longitudi- / \ 

nally just back of the head and the fonvard / \ 

part of the body is drawn out. Then the / \ 

skin is pushed off from the caudal end of ' 

the body. The head shield remains intact. 

The larva that emerges lacks the taillike J^— ^ j 

appendage and the prominent, Iicavily ^ s 

chitinized h^d. Its mouth parts are ap- 

parently entirely soft, and the most careful maxiiu; e, isbiam; d, 

preparation and mounting of specimens has macmiitid. 

failed to disclose any mandibles. The mouth has the appearance of a 
dimplelike depression without amiatiire. At full growth this instar 
(fig. 6) is about 3 mm. long. The head measures 0.31 mm. broad. 

Fiq. s.—TksfsUochut eomtTackeli: Vail grown Ian.-a of the firit iastat, sHghtly 

Highly ma^ified. sloufcr, and the 


head is 0.38 mm. 

broad. This measurement constitutes the only infallible distinction 
between the two stages. At full growth the third instar is about 3.50 
mm. long. 

Fourth ixstar. — With the assumption of the fourth instar the lart^a 
acquires the typical ichneumonoid lan'al characteristics. It is now in 
the form of a curved spindle, thick 
in the middle and tapering toward 
each end. It is about 4 mm. long 
with the head nearly a half milli- 
meter broad, and with fairly dis- 
tinct mouth parts. With high 
magnification the labrum mandi f' —T’ifrjiVorAwi-.-noifocW!.' Larv.Tof saued 
bles, maxilk.and labiumcati be dis- 

hnguished as well as the maxillary and labial palpi. The palpi appear 
as low rounded elevations on the surface of the maxilh-e and 
^ turn. The mandibles are cone-shaped, and somewhat drawn out to 
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an acute, fairly strongly chitinized point. They are about o.o6 nun, i,,,,. 
The fourth molt takes place when the lani-a is about 4.75 nini, loii» ^ 

I^TTII INST, tR.-The fin), 
^ «>mc'vl!at 

1 j 1 /N enlargedreplicaoflhefourih 

\ J' j fl I with the mandibles and 

1 \ 'i / / f ^ mouth parts more 

i \ •leavily chitinized and some. 

' V .^ what larger. The luaiidibles 

K nearly the same font. 

\JJj as those of the fourth instar, 

Fig. 7 . — ThersiUckus coMtra;:hi:ii: Full-grown larv'a, or (Wlh but are aboUt O.074 nim, in 

instnr. Much ralargoJ. length. Ill tills illsllir also 

the ridges supporting the moutli parts are strongly chitinized and can i)e 
faintly seen through the skin, especially the one extending from the base oi 

the mandible around to the 

sides of the hc4d. (See fig. 

8.) Immediately after the . 'x 

molt this instar is about 5 / \ 

mm. long, and at full growth, j \ 

after it has left the body of 

its host and entirely con- 1 f T ) 

Slimed the fluid contents, V . ^7 

it has reached a length of \ ' |J 

about 7 mill. \ j @-/ j / 


WW/lr'] H Fio. H.—Thersilo..hus oii^Hr^chflr l-'ace of fuH-UTOivii IfinM; 

V7 ' <>• Lalinnu; h. mandibk; c, mdxillii: J, maxillary [>alpui; 

^ J^} e, labium; /, Inbiiil iialpus. Highly niagnififd. 

The pupa(fig.9) isstout, about 4.5 mm.long, 
* •■"'“'Q and in the female has the ovipositor cun eil up 

Jj overlhebackandreachiilgaboutUvo-thirdsoi 

theway to the thorax. The abdomen is about 

M "- •*'/ two-thirds as deep as long and is mucli stout! r 

Bv.' yyr-^ than and nearly twice as long as the thorav 

m’v The thorax is blocks', with the rather small 

head sitiiiited near the vt ntrahiuterior jTiar^in- 

The aiitcnnie reach to about tlu= middle oi 

T\r..<,.—Thcrsil<ichi,si<rn<'traMi:l*upa ^ „ , ui 1 • ,c1 1,a,rcr iir-bjrlv tO thc 

cif female, and ai>ex uf abdomen of tllC abdotTieil and tllC luild 1 l.,S nt 

male pupa. Much eiilarKcd. apCX d'lie abdoilieil of tllC lUulc pUpa 

terminated by three lobes, one dorsal and two ventral, the U-ttr rei 
senting the genital armature of t!ie adult. 





-i 



Thersilochus Comiracheli 


,u; =3- 


85,i 


(I,' 


LITERATURE CITEU 

RUBY, C. V. 

1871. Thi: Porizon curculio parasitt. In jrd Ann. Rpt. State Ent. JI„ ,s-o 
p. 28, fig. 9. ■ - ‘ . 

Porizon conolracheli: OriginaJ descriiilion ami first rminl w panisii'sm n- sr 
tnatPrial from Xew Jersey. 


1S72. Einige uiiscrtr schadlicheren Insekten. 35 p., ^ fig. St. l/niis. 

(3) GuTI, B. 

1880. The plum curculio. In .Ann. Rpt. Ent. Sik:. Ontario, 1879, 1' R1-8S. fig 
55 - 57 - 

Not iuiinil iu Oatano. 

(4^ Rjl£Y, C. V., and Howard, L. O. 

18S9. The plum curculio. In V. S. Oim. a\gr. Rpt., tSS8. p. 57-77 

Refers species to ThersUockus. Brief likshisiorv. X«*Tly as abundant in ceruin 
sections as Sigalphus. 


1890. Some of the bred Hyuienoptcra in the n.itional collection. In Insect 

I.ife, V. 3, p. 13C. . 

Repetition of orieinal breeding record from N. J. 

(6 ) Harrington, W. H. 

1891. Hyoieuoptera paratittica. I w Ann. Rpt. Ent. Soc. Ontario, i8yo, p. 64-73, 

fig. 21-42. 

Mention as parasite of plum curculio. 

(7) Johnson, F., and Gir-Mi.t, .\. 

1906. The plum curculio. U. S. Dept. Agr. Bur. Ent. Circ. 73. 10 p,, 5 fig. 

Less aliuudaut than Stealphus. Not met with by authors outside of New York 
State. 

(8) Quaintance, a. L., and Jenne, E. L. 

1912. The plum curculio. U. S. Dept. Agr. Bur. Ent. Bui. 103. 250 p., 20 pi., 
36 fig. 

Resume of previously published accounts, with data tiu aiiuniluiK-e in N. Y., and 
emergeni'e of adults in sprine in X. Y. and Pa. Records speiiuiens from X. Y., Conn,, 
III.. Mo., and Runs. 


(9) Timderlake, P. H. 

1912. A study of the biology* of Linmerium validumfCresson -. U. S. Dept. Agr. 
Bur. Ent. [Bui.] 19, pt. 5, Tech. Ser., p. 71-92, fig. 32-41. 



PLATTv CIX 
Thcrsihchus cnnoiracheli: 

Fig. I. — Adult female. Greatly enlarged. 

Fig. 2. — a, Adult male; b, side view of abdomen. Greatly enlarged. 
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effect on plant growth of sodium s\l'rs TV 
the soil ' 


By Frank B.HKADl.EY,S«^mKten*»(,rfacfe«-C<lrjo»f,VH g 
Scientific Assistant, and C. S. ScoFieED, Agrknllurht in Charge, Office e( 
Iffigaiion Agriculture, Bureau of Plant Industry ^ 

INTRODUCTION 


In connection with an attempt to utilize for crop production certain 
salty land on the Truckee^Carson Field Station, at Fallon, Xev., it has 
been necessary to make numerous determinations as to the limit of the 
salt content of the soil tolerated by crop plants. These determinations 
have shown that this limit of tolerance is not a fixed and definite point 
but is instead extremely variable. Not only is it influenced by many 
factors, such as kind of soil, kind of salt, and kind of plant, but the same 
crop plant shows marked differences in tolerance at different periods of 
its iirowth. These facts make the problem of dealing efficiently with 
the reclamation of alkali land a very complex one.' 

In the present instance the more abundant and deleterious salts arc 
those of sodium. These sodium salts occur as carbonates, bicaibonates 
chlorids, and sulphates, and the proportions of each in different parts of 
the field are extremely variable. This variability of the proportions in 
which these salts occur confused the results of the early attempts to 
detennine the limits of tolerance for the different crops. In order to 
establish a basis from which to proceed with the work, a series of pot 
cultures was carried on in which the soils were artificially impregnated 
with solutions of the different s.alts. These c.xperiments have served to 
show the limit of tolerance to each of the four salts of otie crop, wheat, 
in the seedling stage. They have also brought out a point which has not 
generally been taken into account in similar experiments — that the 
limit of tolerance of plants is dependent not ujion the quantity of sail 
added to the soil but upon the quantity wliich exists in the soil solution 
and which is recoverable from the soil bv water digestion. 

It appears that the discrepancy between the amount of salt added to a 
soil and the amount which can be later recovered from it is sometimes 
very great. Different soils show different results in tiii.s respect; and 
some of the salts, particularly the carbonates and sulphates of sodium, 
are absorbed by the soil to a greater extent Ilian sodium chlorid. Thus, 
if the limit of tolerance of a plant is given in temis of the quantity of salt 
n^h must be added to a soil to inhibit growth, this limit will be found 

‘ Fill iKerature germane to this subject see Hatns. F. S. Etfect of alkali Mills in sniis im the tenuina. 

EHiwth of crops. /» Jour. A^r. Research, v. 5. au. i. p. 5^-5^. 1915. 

Jraraal oi Atricultural Research, V„l, VI, Xo, a 

^fpLi) .AsriCTihure, Washineton, D. C. Atigmsl iF, iyi6 

CWj 

(S57) 
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to differ from one given in terms of tire salt recoverable from the same 
soil. In actual field practice salt lands must be classified in tentis of 
the amount of salt recoverable from them and not in terms of the amount 
which has been added to them, which is not ascertainable. 

PLAN OF THE EXPEKIMENTS 

The general plan of all of the experiments was as follows; Ordinary 
drinking glasses were filled with 300 gni. of air-dry soil. The salts ncre 
added from a stock solution of known strength and ranged in amount 
from nothing up to concentrations sufficiently strong to prevent plant 
growth entirely. Distilled water was added to each glass to moisten the 
soil thoroughly. Seven seeds of wheat iTrilicum spp.) were planted in 
each glass, anti after germination the tiuniher of plants was reduced to 
five if more than that number came up. Bluestem wheat was used in 
1913 and 1914, and Marquis wheat in 1915. To prevent loss of moisture, 
the glasses were covered with glass plates until the plants emerged. 
After the emergence of the plants, the pots were weighed daily, and by 
the addition of distilled w’ater the moisture content was brought back to 
the original condition. In 1913 and 1914 the experiraeuts were con- 
ducted in triplicate, while in 1915 they were in duplicate. 

The wheat was allowed to grow from 15 to 18 days, when the plants 
were cut at the surface of the ground and weighed immediately in a 
closed tube. After cutting lire plants the soils from each series of glasses 
were mixed, dried, and analyzed for water-soluble salts. 

CONVERSION OF CARIION.^TES 

In the experiments where sodium carbonate was added to the soil, the 
analysis of the soil after the wheat bad been cut brought out the fact 
that" a portion of the sodium carbonate that had been added was not 
recoverable. 

When only a small quantity of sodium carbonate was added, none 
could be recovered at the end of the experiment, but the quantity of 
sodium bicarbonate was greater than in the untreated soil. With the 
addition of larger quantities of sodium carbonate both salts were recov- 
ered at the end of the experiment, but their sum was always less than the 
quantity added at the beginning. , 

It is apparent that a portion of the sodium carbonate added to the soil 
was converted into sodium bicarbonate. In order to determine u a 
proportion of the original quantity of sodium carbonate could le ac- 
counted for at the end of the experiment, it was necessary to ai oge 
the quantity of sodium carbonate recovered as such and t le c|Uan 
represented in the form of sodium bicarbonate. 

The conversion of sodium carbonate to sodium bicarbonate rtsu 
an increase in weight of the salt at the ratio of 44 to 70-tliat is, 
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w eight of a quantity of sodium carbonate is fig per cent f,f the « i iglii of the 
sodium bicarbonate that could be formed from it. 

In the following tables and discussions the sum of the _sodium carbon ite 
and 63 pcf of the sodium bicarbonate found in the soil solution have 
been designated as “carbonate salts.’’ 

effect of sodium CARIIOXATE OX WlIE.iT SEIlDUNds 

Experiment i.— The soil used in this experiment was obtained on tlie 
farm of the Truckee-Carson Field Station. It would be classed as a fairly 
productive sandy loam. It was analyzed for alkali sails and found to 
contain but a small quantity. The samples ryere made up in triplicate 
and sodium carbonate in solution was added to each set in the foriowina 
percentages to the dry weight of the soil: Series i, no treatment; series 2° 
0.05; 4.0.15; 5,0.20; 6,0.25; 7,0.30; 8,0,35; 9, 0.40;' 10, 0.45’; 

n, 0.50; 12, 0.60. 

Wheat was planted on November 1, 1915, and cut and weighed on 
December 1 1 . Because of the lateness of the season, the growth had been 
very slow. After the wheat seedlings were removed, the soil from each 
set of pots was com]>osiled for analysis. The analysis was made of the 
solution secured by thorough digestion with an e.xccss of water. The 
condensed results of this expeiimcnt are given in Table I. 

TabiE 1 .— Result! of experimeui / {ipif), firiitd the quautitv of sodium carbonate aided 
to the soil, the quantity finally recovered as carbonates, the number of plants, and the 
combined wight produced in each case 


Sericj No. 

Sodium carbo* 
sate. 

Sodium 

l)i<.-dr- 

Total 

carbo- 

nate 

salts 

ered. 


Green weight of pisnts. 

Dc- 

errase 

in 

j’it'hl 

Irom 

check 

pot. 

Added 
to soil. 

Re»i>v- 

ered 

irbm 

soil. 

recov- 

ered 

Irom 

soil.i 

tier of 
plants. 

Poti. 

Pot J. Pot 

Total, 


Per ei. 

Perci. 

Per cl. 

Pet ct. 


fr"!. 

G„, ' Cm. 

6'»(. 

Ptt ct. 

‘ 

0 

0 

0 

0 

lb 

0- <573 

I, OClQ - 0 . 037 

2. f)TO 


* 

•05 

0 

. 02 

.013 

1^ 

. 07S 

• Q50 - ori 

2. Q02 

0 


. 10 

Trace. 

• 04 

• 0''5 

ts; 

. O.;; 

.its .S47 

2. 4 og 

17 

4 

• *5 

. 02 

• 04 

• 045 

13 

. 6iq 

.061 • . n6 

• 7 Qfi 

7,3 


. 20 

• o.> 

• Ot 

. 062 

10 

. 220 

. 055 . 044 

• 

So 

^ 

•25 

.07 

•05 

. 102 


. oc8 

. 012 . 020 

. 040 

f)S. 7 

8 ,. 

• 3 ® 

. n 

. 02 

• 123 

I 

0 

. 008 :o 

. 008 

9'4 7 

^ 


i I 







' la extijss o{ sodium bicarboaaie present at besinnltis c'' extierimer.t. 


iliis experiment showed that where more tliaiio.jo per cent of sodium 
carbonate was added to the soil no plant growth was obtained; therefore 
Ihe analyses of the higher percentages have not been included In Table I. 
The addition of 0.15 per cent of the salt reduced the gennination of the 
seed, so that the full number of plants was not obtained and the total 
green weight produced was 73 per cent below that of the check series. 
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Beyond this critical point the reduction of germination and growth was 
rapid and consistent. 

The experiment also showed that the quantity of sodium carbonate 
recoverable at the end of the experiment was much less than had been 
added to the soil at the beginning. The quantity of sodium bicarbonate 
had been increased in every case, but the total carbonate salts recovered 
was much less than had been added. 

The apparent loss of the sodium carbonate added to the soil is shown 
in the difference between the figures in columns 2 and 5 of the table. 
The data of Table I are shown graphically in figure i . 



I — Diaeram of the percentage of sodium carbonate added to thescU in experiment i (1913), ihe 
percefltage of carbonate and bicarbonate recovered aod the total green weight of wheiit obtained, 
The solid black line ou the left at each scries niimlser indicates the percentage cd sodium carbonate added 
to the soil: the line at the right shows the t>crccntHKe recovered at the end ol the experiment. The solid 
porlion ol the line shows the carbonate and the hatched lairtion the bicarbonate. The eunc at the 
right of the figure shows the relative growth of the plants in each series of iwts. 


ExpekimKxt 2 . — The experiment was in most respects a repetition of 
experiment i. Tlie soil used was also taken from the same farm and 
was of the same physical character, but had been made more productive 
bv the use of farm manure on the field from which it was taken, -V 
preliminary analysis of this soil gave the following results: .Sodium 
carbonate, 'o; sodium bicarbonate, 0.091 per cent; sodium clilorid, 0,006 
per cent; sodiutn sulphate, o. 

A triplicate series of sample pots were made up as before and sodium 
carbonate in solution was added as shown in Table II. 

The wheat was planted in the pots on September 22. igU- and cut 
and weighed on October 5. It was noted that with the successut 
increases in the percentage of carbonate added the tune require! 0 
germination u-as increased, the percentage of germination decrease , a ^ 
the amount of growth, both of leaves and roots, decreased. le r ■ 
of this experimcni are summarized in Table II. 


fius. 
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Table n —Results of experiment 2 iigi-i), giving theqnanlifx 0/ u>4iu,> 
in the soil, the quantity finally recovered as carbonates, the nimWr 0 
combined ueight produced tn each case 
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caibonnic ad'hd 


cj plants, 


Scries No. 

Sodium carbo- 
nate. 

Sodium 

bicar- 

Total 

nate 

salts 

reaiv- 


Green v,ci-hi 0:1, 14 


Added 

tusoil. 

R«'ijv- 

ered 

from 

soil. 

recov- 

ered 

Inm 

hOil.‘ 

her of 
plants. 

not I. I’ot.-, 

! 

Pol J, 

Total 


Ptr cl. 

Per cl. 

Pt, cl. 

Per cl. 


Ok. Cm, 

Cm. 



0 

0 

0 

0 

>5 

I- 01 ^ '0. u;i 

i. 102 



•OS 

0 

0 

0 

i 5 

1025 i .9O6 

• 778 



. 10 

0 

• 03 

. 019 

12 

■ ' .776 




• 

. 02 



ti 





. 20 

•03 

• 03 

•Ot 9 

6 

. 4*0 m 127 




•25 

• o-t 

•ot 

.065 

6 

. 06 J . I i ^ 

. 2.31 



•30 

. 06 

.04 

• 085 

3 

. 02S 0 

• MS 



• o 5 

• 07 

•05 

. T02 

3 

.044 0 

• 

■117 


.40 

. 12 

•’03 

• 139 

I 

. 020 0 

• 059 

■ 079 


’ In Mcess of sodium bicarbouaU- ai he»:itmiii< <ii I’xptrimcju. 


The results of experiment 2 are in dose aocon .1 with {hem of Xo. i, 
although (he decrease in yield was jiot quite so rapid. The apparent 
loss of carbonates — that is, the difference between the amount added 
and that recovered— was slightly greater. It is noticeable that in both 
experiments the percentage of smlium bicarbonate recoverable did not 
increase materially with the percentage of carbonate added, while there 
was a fairly consistent increase in the percentage of carbonate recox’cred. 
Turthermore, it will be obser\-ed that the decrease in yield follows the 
increase in total carbonates recovered more closely than the increase 
in carbonate added to the soil. 

The results of experiment 2 are shown graphicallv in figure 2, in which 
the same arrangement of symbols is used as in figure i. 

Hxpeki.menT 3. — ^This experiment was iinderlaken for the [uirpose 
of comparing the toxic elTect of sodium carbonate on the growth of wheat 
seedlings in two very different types of soil. The first of these was a 
rich loam soil from an old alfalfa field on the Truckee-Carson Irrigation 
Project, and the second was beach sand obtained from Monterey, Cal. 
The experiment was conducted in lire simiuier of lyiy. Dtiplicale sets of 
pots were used in each case. After the salt had been added to the pots, 
the moisture content was kept at 12 per cent in the sand and is per cent 
m the loam. This arrangement had the disadvantage of making the cdii* 
centration of the soil solution different in the two soils, but it was con- 
sidered necessary^ because 15 per cent of moisture in the sand would 
have kept it too wet, and less than 15 per cent in the loam soil would 
not have been sufficient for the liest growth ot the plants. 
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The difference in the effect of the carbonate in the two soils was 
evident in a very few days. The time required for the wheat to emerge 
was approximately the same in both cases, but in the sand all germination 
was stopped by the addition of 0.20 per cent of sodium carbonate, w hereas 
it required the addition of 0.50 per cent to the loam to have the sa,„g 
effect. The carbonate had a very detrimental effect on the physical 
condition of the loam soil, causing a stiff crust to form on the top of the 
pots, the crust becoming more noticeable with the increase of the per. 
centage of carbonate. This made it difficult for the plants to breal: 
through. The detailed results of the experiment with loam and sand 
soils are given in Table ITT. 



Pjq j,— Dtiipraiii of the pefccntace oi carbooateadded to the soil in expenment 2 (1914)1 with the 

percentage of carboiiiite and bicarbonate recovered jukI the creen weight oi wheat obthiTiai!. The solid 
black line on the left at each series number indicates the pcfcentaKO of sodium carbonate added to the fuil; 
the line at the ri^ht shows the pcrccnusc rw-overed at the end of the cxperiincnt. The solid portic a cf 
the line shows the ciirlHimalc and the hatched iforiioti the bicarbonate. The curve at the njlit oi tic 
fiKure shows the relative crowtli of the plants in each series of ptits. 

.t comparison of the data on loam and Monterey sand (Table III) 
shows that the decrease in the yield of the plants was much more rajiid 
in the sand than in the loam. The apparent loss of carbonates was 
much greater in the loam than in the sand. The loam soil also showed 
a steady Increase in the amount of recoverable sodium bicarljor.ate, 
which was not (he case with the sand. 

A marked difference is to be noted in the green weight of the plains 
grown in the loam and in the sand. In the check pots the green tie t 
from the sand series was otdy 62 per cent of the yield of the plants in 
the loam, although the average height of the jilants in the two sene. 

was approximalelv the same. , , 

The data presented in Table III arc shown gra-.liicalU 111 hgure^ ,, 

and 4. 




,S, .».« Growth oj Sodium Salts S6} 

T1BI.E III.—R<’l«l‘r of experimtnt 3 (101 f). giring thccffm of . , 

soil and m Monterey sand on tlie germination and ,j,„slb of ^hiot ' 

LOAM SOIL 



Soiliuji] carbon- 
ate. 

Sodium 

bicar- 

Total 
carbon- 
ite salts 
recov- 
ered. 

Num- 
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Dc- 
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Ironi 
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Pot I. 
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Vielil 

eh t'fk 
pot. 


Per (t 
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Cm. 

Gm. 

Gm. 







10 

0. 791 
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0 
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. 019 

10 
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>'^7 



. 10 

0 

.05 
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0 
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. 20 
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0 
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9 
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0 
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. 
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•35 

0 

. . 16 
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0 


76 



.40 

• 3 ° 

. 008 

• 013 
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.2r 

. 122 
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4 

0 
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0 

•077 

0 

.263 

0 

83 



. 60 

.023 
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0 

0 


0 

100 


MOKTEREY SAND 






. 



— 

— — 


0 

0 

0 

0 10 

. 486 

■ 445 

• 93 r 
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• 003 

. 066 

. 04 * 10 

• ^ 7 ^ 

• i 7 <j 

• 3 S 2 

62 

3 
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.013 

. 0S7 

. 068 1 . 6 

. o6y 

. 030 

.099 

89 

4 

• >5 

. 016 

. 19 

•091 1 5 

.027 

. 024 

.051 

96 

5 

. 00 

• 049 
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• ‘32 0 

0 

0 

0 

100 

6 

• 25 

. 080 

. 16 

• I '3 1 0 

0 

0 

0 

roo 


•30 

. oq6 

• 12" 

. 175 1 0 

0 

0 

0 

100 

8 

• 35 

. J40 

• 23; 

. .■‘26 * 0 

0 

0 

0 

TOO 

9 

..}0 

■ 244 

. I£Q 

• 344 I 0 

0 

0 

0 

100 


' In excess of scxliuni bicarboc-tc in soil at bciiimiiL: m' 


THE EFFECT OF SODIUM ISICARDOXATH OX WHEAT SI-:Kr)i.T\(;s 

Experiment 4. — Tn order to determine the relative toxicity of the 
carbonate salts when added to a soil in the form of sodium liicarboruile, 
experiment 4 was nndertaken in the summer of 1914. The technique 
ef this experiment was the same as that of the experiments previously 
described, the series of pots being triplicated. The soil used was of 
the same type as that in experiment 2. The range of salts added to 
the soil was greater than in the lirst two experiments, including series 
numbered 8, 9, and 10, in which were added 0.80. i, and 1.25 per 
cent of sodium bicarbonate. Since there tvas no genninalion or growth 
in these series, they have not been included in Table IV, which gives 
a summary of (he results of the experiment. 
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Fiq 3,— Diagram of the percentage of sodium carbonate added to the loom soil in CTperiiucnt j (igif), ^ith 
the percentage of carbonate and btcarbonale reettvered. and green weight of wheat. The solid black liae 
on the left at each series number indicates the perrtntage of sodium carbonate added I0 the soil; the 
line at the right shows the pcrceutagc recovered at the en<l of the expetiraeut. The solid portion of 
the line sho'vc-s the carbonate and I he hatched portion the bicarbonate. The curve at the right of the 
figure shows the iHuiive growth of the plants ri envli sciles of pots. 



Fig. 4.— Diagram of the pctccnUgC of sodium csirbonate added to Monterev- sani m 
with the percentage of carbonate and bicarbonate recovered and the total green wtig it 01 
tained. The solid black litic on the left at each series number indicates the 

bonaleaddedtothesoil: thelineatthcrightshowstheperrmtagcrccoveredatthcwu 0 . ' 

The solid poTliun of the lino shows the carh.aiate aud the hatchwl portion the lucarbon,^ . 
at the right of the figure shows tlic relative growth of the plants m each scries ot pot>. 
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g -^Results of experiment 4 {1QI4), girinq ihc 
the germination and grouih of -u- 



Sodium bicar- 
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! 1. 19.5 
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c 

0 
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Fio. j, -Diagram of the percentage of sodium bicarbonate added to the soU in experiment 4 ( 1514), with 
carbonate and bicarbonate recovered, together with the toUl green weight ol wheat obtained. Thcsolid 
black line on the left at each series number indicates the perevntago of sodium carbonate added to the 
soil; the line at the right shows the percentage rwovmd at the end of the experiment. The solid pui tiou 
of the line shows tie carbonate and the batched portion the bicarbonate. The cut ve at the right of the 
figure shows the relative growth of the plants lo each series of pots. 


The first noticeable feature of this experinienl is the discrepancy 
between the amount of bicarbonate added to the soil and the amount 
finally recovered. There was also evidence of a conversion of the bicar- 
bonate to the carbonate form in the last two series. In this case, as in 
cxpeninent 2, there was a decrease of growth in series 2 , even though 
no carbonate salt was recoverable at the end of the experiinenl. 

The data presented in Table IV is shown graphicallv in figure 5. 

coMP.-^RAtivi; Toxicity op sodium c.vrbox.vtr axo sodium dicarbo* 
N.\TE 

A. comparison of experiments 2 and 4. in which the carbonate and 
bicarbonate salts were used, shows that these two salts Iiavc approxi- 
52172<’-16 3 
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mately the same toxic effect when the total of the carbonate salts recov 
erable is considered rather than the percentage of salts added to the soil 
In other words, the toxicity of these salts in the soil is directly associable 
with the quantity of the basic radical in the salt recoverable. The close 
relationship between the results of these two experiments is shown in 
figure 6 , in which the curves of decrease in growth are constructed 0!i 


the same scale. 



Fio. 6.— Diagram of th« deaeas* in growth of wheat scedliocs in experimeots s and 4 as affected by the 
total carbonate salts reeuverable from the seal. The solid black line on the left at each series number in- 
dicates the percentage of sodium carbonate added to the soil; the line at the right shows the percenu ;? 
recovered at the end of the experiment. The solid ponioiiof the line shows the carbcaate aad th« 
hatfhetl portion the bicarbonate. The curve at the right of the figure shows the relative growth of tk 
plants in each series of pots. 


EFFKCT OF SODIUM CHLORID ON WHEAT SEEDLINGS 


Experiment 5. — At the same time the carbonate and bicarbonate 
experiments in 1914 were in progress (experiments 2 and 4) a similar 
experiment with sodium ehlorid was carried on with tire same sod. The 
general idan and manipulation was the same as has been described aboi e. 
The wheat was allowed to grow for 16 days. The original soil contained 
only 0.006 per cent of sodium ehlorid. 

A summary of the results obtained in this experiment is given m Table 
V. It is possible to compare these results directly with those obtame 
in tile carbonate, bicarlronate, and sulphate experiments in 1914. as the 
soil used was the same in all cases. 


Effect on Plant Growth of Sodium Salts 

TabI-B of rxPfrimeni J (Ock,b<r. 19S4), giving ,fe , 

soil on the germinalton of -wheal seedlings ^ >iorui m 
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Fio. 7.— Diagram of the quantity of soHiiim chloriil ackiwl to thosoil, withtbe quantitj' of eWorld reaivereil, 
aod the total green weight of wheat obtained. Experiment t, Tlic kit-liund column above il;e series 
number represents the i>ercenlJge of sodium chlortd added and the ri.cht-h-iad column the pci centage 
recovered from the soil. The curve at tbe right reprcicms the weight {:a gramsl oi the gicen htat, 


It is clear from the results given in Tabic V that the absorptive jjower 
of the soil for sodium clilorid is much less than for sodium carbonate. 
An average of 85 per cent of the chloiid was recovered, and a 50 per cent 
decrease in yield took place ifl the soil from which 0,16 j^er cent of the 
salt was recovered. 

The results of Table are shown graphicallv in figure 


EFFECT OF SODIUM SULPHATE 0 \ Will: AT SEHDLIXGS 

Experiment 6. — The experiment with sodium sulphate was conducted 
in the same manner and at the same time and wiili the same lot of soil 
as experiments 2, 4, and 5. The moisture content of the soil was kept 
16 per cent and the wheat was allowed to grow for 16 da\ s. Ihe 
results are summarized -in Table VI. 
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Tabi,R VI . — Results of cxperirnenl 6 {1914). giving the effect of sodium ■ 

seedlings ' 



Tig. of llic quantity of sodium sulpliato ■.u'lOvd to t!it' soil iu f.'cpiTiinfni 6 . ;i-.c 

recovered . ami the total i;rctii wot^hi ot ulir-al ubtaiiirci, Tiie lrf;-fiaiul tsiUimu .;'i<ixo il;c ri’rir-iuur'Afr 
ic-picsrors t'-e uu-iinit y of i:i>iliuin su'phaie addifl auJ tfic rii:ht-lietKl column iIh- qiiJatiiv recovered. 
The curve ai llu* n,.:ht rt-prcsciiis the \vti>;ht (in irraiii'i) of "rceti plum- from e.idi serii-. 


In the prccediiiij expcrinicnts it was loiind that this same sandy loain 
soil absorbed an average of yj per cent of Uie sodium carbonate, S5 per 
cent of tlic sodium bicarbonate, and 15 per cent of the soiliuin chlorid 
added. In tliis CNperimeiit with sodiiiiu sulpliale it ^\as found lliut tl’.e 
amount absorbed was 53 i^er cent of that addctl. 

The toxicitv of this salt was also consitlerahly less than that of anv cu 
the other salts mentioned. In the case where o. 1 (> per cent of the sulphate 
was recovered, the yield was reduced only 20 per cent, while an eipial 
amount of sodium chlorid reduced the \ ield 40 per cent. The percentage 
of germination was not aifeeled in the case where 0.35 per cent of socc.um 
sulj^hate was recovered, but it was noticed that the time rccjuired ^or 
germination was nialeriaih' lengthened as the [lereeutagc of the sul])li!^ 
increased. 

Figure 8 sliows graphically the results given in Table VI. 
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COMPARATIVE TOXICITV OF THF, SODirM SMT.S 

In view of the fact that the carbonate and bicarltonate of sodium 
appear to be interchangeable in the soil, the comparisons of loxiciu- nnv 
be made between the total carbonate salts as preriouslv dnlmd and 
sodium cblorid and sodium sulphate, .\ssuniing that a rcclueiioii of 
growth of approximately 50 per cent of the duck is a critical poiiii of 
toxicity at which comparisons can be made, it is found that this point 
is reached with 0.04 per cent of total carbonate salts, with 0.16 per cent 
of sodium ehlorid, and 0.35 per cent of sodium sulphate, using the r|uan- 
tities of salt rctxrverabl.- from the soil- -that is. tlie caibonate salts are 
four times as toxic as the chlorids and eight times as to.xic as the 
sulphates. 

If the limit of tolerance for the wheat seedliti.g is taken as the point of 
concentration when both growth and genrtinatioii are preveiitcil, this is 
found to Ire with the carbonate 0.13 per cent, with sodium ehlorid 0.52 
per cent, and witli sodium sulphate 0,56 per cent. It is not clear why 
there is so little difference in these experiments biiween the limit of tol- 
erance for s^xliuin ehlorid and S{xiinm sulphate. 


SUMMARY 

(1) In rcclaiiiiiiig a tract of salt land in Xesada laboratory experi- 
ments were carried on to rlctcnninc the limits of tolerance of certain 
crop plants to the common sails of sodium. 

(2) These laboratory cx[KTiTneius brought out llie fact that only a 
part of the salt added to the soil in pot cultuixs could later be rcco\-ercd 
from it by walcr digestion. 

(3) This apparent loss ol salt, which was probably due to absorption 
by the soil, was greater in the case of sodium carlionalc and sodium 
sulphate than with sodium ehlorid. 

(4) Where sodium carbonate was added (o a soil the absolution was 
greater in fine siDil, rich in organic matter, than in satid. 

(5) The limit of (olentnee of crop plants to the salt in (he soil is deter- 
mined by the quantity of salt that can be recovered from the soil ratla-r 
tlian by the quantity added to rlie soil. 

(6) ihc carbonates and bicarbonales of sodium arc mutuallv inter- 
changeable in the soil and the toxicity of the soil solution ajyxars to 
depend upon the (juantity of the basic radiarl held in the soil regardless 
of the form of the acid radical. 

(7) In the case of the soil from the field under coiisidciatinn. the pro- 
portion of recoverable salt which would reriucc iiv one-haif the growth 
of uhcat seedlings was for the carhonales n.04 per cent of tlie rirv ^wiglu 
of the soil, for (he chlorids 0.16 per cent, and for the sulphates 0.35 jkt 
cent. 

(S) The proportion of recoverable salt which pivveuied gonnination of 
■"heat was for the carbonates 0.13 jk’f cent, lor the chlorids 0.52 per cent, 
and for the sulphates 0.56 per cimt. 



ADDITIONAI- COPIES 
or THIS ruBUCATioN may be pbocired fkom 
TRE srPETtrCTESDENT OF DOCUMF.NTa 
GOV’EENMEKT PRINTISG OFFICE 
WASBIRGTON’, 1>. C. 

AT 

10 CENTS FER CuPY 
V 




